Asparagus officinalis is a spring vegetable contains flavonoids, amino acid derivatives, glycolic acid, tyrosine, vitamins, saponins and essential oils and it has health benefits such as prevention of cancer, mutation, inflammation, and liver damage. 
Introduction
Asparagus officinalis is a vegetable, having a special flavour and therapeutic properties, native of European, African and Asian countries with two main types of spears produced: green and white. Green asparagus is a good source of flavonoids, sterols, saponins, oligosaccharides, carotenoids, sulfurated acids, amino acids and essential oils (Siomos, 2018) . Because of this, it is used in different treatments for illnesses like a cough, nose cancer, leukaemia, lung cancer, breast cancer, lymphatic gland cancer, neuritis, and rheumatism. In addition to this, its extract has a wide range of therapeutic activities such as anti-diabetic, anti-tumour, antifungal, diuretic (Sergio et al, 2017) . Drying, known as one of food preservation methods, is a crucial unit operation for the control of moisture. In other words, drying is used to reduce the moisture content of food materials under safe limits (Kucuk et al., 2014) . Hot-air drying is the most common drying method for foods, but it has some disadvantages including long process time, high-quality loss, and cost, so other methods have been examined. Microwave drying is more rapid and more highly energy efficient system than conventional hot air drying (AlHarahsheh et al., 2009; Mcloughlin et al., 2003) . As a result, comparison of different methods for drying is one of the key steps for process optimization. Another stage for process evaluation and optimization is the mathematical models used for that process. From point of this fact, it can be concluded that mathematical modelling of drying processes is an important aspect of drying technology for describing the change of water content throughout the food material during the drying process (Bi et al., 2015) . There are many mathematical models for drying processes including Page, Henderson and Pabis, Midilli and Kucuk, Newton. According to the newest studies, the Weibull model can be also used to describe the drying kinetics of certain foods because this model is one of the simplest equations with two parameters (Blasco et al., 2006; Corzo et al., 2008; Coşkun et al., 2016; Karacabey and Buzrul, 2017) . The objectives of the study were (i) to find drying of asparagus spears for two drying methods (hot air oven and microwave oven) (ii) to study the effects of spear thickness (1 mm,2 mm and 3mm), microwave power (100 W, 200 W, and 300W), hot air oven temperature (70°C, 80°C, 90°C), (iii) to investigate kinetic modelling of drying of Asparagus officinalis by using Exponential, Page, Modified Page, Henderson and Pabis, Weibull, Midilli and Kucuk and Simplified Fick's Diffusion models (iv) to compare mathematic models for finding the most suitable model for drying of Asparagus officinalis spears.
Materials and Methods
Asparagus spears were obtained from the local market and stored at +4°C. The spears were stripped and then cut to desired dimensions (30 mm × 40 mm and thickness of 1, 2 and 3 mm) by using an adjustable chopper. Initial moisture of asparagus was measured as 94.19±0.89% (Baltacıoğlu, 2017) .
Drying
Hot air oven drying was performed in the preheated oven (Nuve, EN 400, Turkey) at an air temperature of 70°C, 80°C, and, 90°C to evaluate the influences of temperature on the drying process. Asparagus spears were spread as a single layer on the tray attached to the balance (KERN, EW-1500-2M, Germany). During drying, the weight of the sample was recorded at a regular time interval (5 minutes for hot air oven). Drying process continued until desired moisture content was attained (<10%, w/w).
A programmable domestic microwave oven (Samsung, MW71E, Malaysia) with a maximum output of 800 W and frequency of 2.450 MHz was used for another drying method of asparagus spears. The dimensions of the microwave cavity were 307×185×292mm. Three spear thicknesses (1, 2 and 3 mm) and three power levels (100, 200 and 300 W) were examined to determine their effects on drying time. Weighed asparagus spears were spread in a glass dish (fixed weighed before use) as a single layer and placed in the centre of microwave oven. The samples were taken out at and weighed at every 30 s interval by switching off the microwave oven and after the weight of the sample was recorded, it was replaced in the oven.
Drying process proceeded until desired moisture content was attained (<10%, w/w).
Kinetic Modelling
The experimental data obtained from conventional and microwave oven drying was tried to explain by using different models commonly used for the description of drying curves in the literature (Table 1 ). The parameters of interested models were determined using non-linear regression procedure using Sigma Plot software package (SigmaPlot Ver.10, Chicago, IL, USA). The coefficient of determination (R), reduced chi-square (χ 2 ), root mean square error (RMSE) and error were used to inspect the goodness of fit of the selected mathematical models to the experimental data. The model with the higher values of R and the lower values of χ 2 , RMSE and Error is considered more suitable. (Midilli and Kucuk, 2003; Akpinar et al., 2006) . The following equations were used to calculate the above-mentioned parameters:
(1) 
Results and Discussion
Drying of Asparagus officinalis was investigated and microwave oven drying, and conventional hot air oven were compared to represent the potential application of microwave technology in the drying of asparagus spears. Compared to the conventional process, microwave technology exhibited high potency as a drying technique with valuable results like shorter drying time, higher drying rate and product quality. In fact, air temperature in hot air oven has a noticeable effect on the moisture content of asparagus whereby higher temperature resulted in the higher loss of moisture and consequently drying time reduced. This may be due to the increase in heat transfer between the sample and air temperature (Akpinar, 2006; Akpinar and Bicer, 2008; Ali et al., 2014; Hee and Chong, 2015; Sacilik and Elicin, 2006; Simal et al., 2000; Toǧrul and Pehlivan, 2003; Tunde-Akintunde, 2011) . Drying time required to reduce the moisture content of asparagus spear under 10% (w/w) was decreased almost 55.5 folds by operating microwave oven at the power of 200 W for drying compared to drying in a conventional oven at 80°C for same spear thickness. Data from moisture content versus time were converted to dimensionless moisture ratio so as to normalize the drying curves. Changes the moisture ratio with the time at the different drying conditions were shown in Figure 1 and 2. It can be seen that the moisture contents decrease as the drying time increases. The model parameters at different temperatures, spear thickness, and microwave power levels were calculated and tabulated together with R, χ 2 , RMSE and Error values in Table 2 and 3. HA-DM-1: Oven at 70°C with 1 mm thickness; HA-DM-2: Oven at 80°C with 1 mm thickness; HA-DM-3: Oven at 90°C with 1 mm thickness; HA-DM-4: Oven at 70°C with 2 mm thickness; HA-DM-5: Oven at 80°C with 2 mm thickness; HA-DM-6: Oven at 90°C with 2 mm thickness; HA-DM-7: Oven at 70°C with 3 mm thickness; HA-DM-8: Oven at 80°C with 3 mm thickness; HA-DM-9: Oven at 90°C with 3 mm thickness (Bala et al., 2010) . In addition, Midilli and Kucuk Equation has been reported as a suitable model to describe plant leaf drying so it is suitable for drying of the plant origin material (Alara et al., 2017; Mohamed et al., 2005; Sobukola et al., 2007) .
Conclusion
In this study, the effects of the drying conditions and thickness of asparagus spears were investigated. Microwave oven and hot air oven were used to dry the asparagus spears. Temperatures of the oven were selected as 70°C, 80°C and 90°C and power level of the microwave oven was identified as 100 W, 200 W and 300 W. In addition to these drying parameters, spear thickness of 1 mm, 2 mm and 3 mm was also examined. Seven different models were adopted to describe the change of moisture ratio values of asparagus spears with time for different drying methods and drying parameters. The model that had the best fit with highest values of R and lowest value of RMSE and χ 2 was the Midilli and Kucuk Equation for microwave and hot air oven. Thus this model was selected as being suitable to describe the asparagus drying process for the experimental conditions considered. 
